ABSTRACT
Introduction

43
Suckling lamb meat is widely consumed in some geographical areas of the world such as 44 in Mediterranean countries and is an important commodity in the north of Spain. These lambs, 45 reared exclusively on dam milk, are slaughtered at 30-35 days of age and usually at 10-12 kg 46 of body weight. Lamb producers are trying to adapt their product to consumer preferences in 47 order to enhance sales. In recent years there has been a growing interest in healthy food and 48 more specifically in increasing the n-3 polyunsaturated fatty acid (PUFA) and conjugated 49 linoleic acid (CLA) content in meat (Raes, De Smet & Demeyer, 2004; Schmid, Collomb, 50 Sieber & Bee, 2006; Wood et al., 2008) . In humans, ruminant derived foods represent the major dietary source of CLA, with meat 63 accounting for about 25%. Moreover, the highest CLA content in meat has been found in 64 lamb (Bauman et al., 2006; Schmid et al., 2006) . Meat FA composition depends on several 65 factors, with diet being one on the most relevant (Raes et al., 2004; Schmid et al., 2006; Wood 66 et al., 2008) . Suckling lambs are considered as being functional monogastric from a digestive 67 point of view, as their reticular groove functionality prevents milk from passing into the 68 rumen, so there is no ruminal biohydrogenation of the milk FAs before intestinal absorption.
69
Therefore, changes in milk FA composition due to supplements in the dam diet, can induce 70 important differences in the FA profile of the meat and fat depots of the suckling lamb (Lanza 71 et al., 2006; Osorio, Zumalacárregui, Figueira & Mateo, 2007; Manso, Bodas, Vieira, 72 Mantecón & Castro, 2011).
74
Several strategies have been tested in recent years to improve the FA profile of ewe fat,
75
focused on enhancing the content of VA, RA and C18:3 n-3 (α-linolenic acid, ALA) in 76 derived foods. Fresh pasture has been shown to be an excellent source of ALA to increase this 77 FA in milk (Gómez-Cortés et al., 2009a) and subsequently in suckling lamb meat fat (Scerra 78 et al., 2007) . When fresh pasture is not available, linseed supplementation (oil or seed) is a 79 reliable alternative feeding strategy to enrich the VA, RA and n-3 PUFA content in milk fat 80 from ewes (Gómez-Cortés et al., 2009b; Bodas et al., 2010; Mele et al., 2011) . Nevertheless, 
90
The information available on the transfer of healthy FAs from ewes milk to suckling 91 lambs when the dam's diet is supplemented with linseed is limited (Manso et al., 2011; 92 Berthelot, Das, Pottier & Normand et al., 2012) . It could be hypothesized that feeding diets 93 enriched with ALA to lactating ewes improve the content of this omega-3 FA as well as their 94 long chain metabolites in young sucking lambs. So, the aim of the present work was to 95 investigate whether the supplementation of Churra ewe diet with extruded linseed would be a 96 suitable strategy for improving the intramuscular and subcutaneous FA composition of their 97 suckling lambs, without detrimentally affecting animal performance. Calcium soap of palm 98 oil was used as a control because it is a saturated fat commonly used in sheep feeding 99 (Doreau, Laverroux, Normand, Chesneau & Glasser, 2012 and parity in randomization was assigned to one of two experimental diets (12 ewes per 107 treatment).
108
Each ewe was individually fed and a total of 2.1 kg DM of the corresponding experimental 109 diet was supplied twice a day, plus 210 g of barley straw/ewe/day and fresh water ad libitum.
110
Each ewe consumed the whole amount of TMR supplied daily.
111
Samples of diets were taken once a week during the whole experimental period for the Table 1 . 
Milk sampling and composition
121
The ewes were milked once a day in a 2 x 24 low-line Casse system milking parlour, with 122 twelve milking units and two milkers. The milking machine (Alfa-Laval Iberia, S.A., Madrid, (2005) and intramuscular fat using the method described by Bligh & Dyer (1959) .
146
Subcutaneous fat was extracted by fusion of individual samples.
148
Milk FA composition (individual samples from week 2 and 4 of the suckling period) and 149 fat depots (intramuscular and subcutaneous) were determined by gas-liquid chromatography.
150
Fatty acid methyl esters (FAME) were prepared according to ISO-IDF (2002 
Results
178
There were no statistical differences in chemical composition between experimental diets.
179
Average daily milk yield and milk composition of the dams are recorded in Table 2 . Milk,
180
fat and protein yields and protein content were not modified (P > 0.10) by dietary treatments.
181
However, supplementation with the extruded linseed tended to decreased fat content (P < 182 0.10) compared with the Control diet. ewes fed the Lin diet had increased (P < 0.001) concentrations of these n-3 FAs but decreased 207 (P < 0.001) concentrations of n-6 PUFA (γ-linolenic acid, C20:3, C20:4 and C22:4).
208
Therefore, the n-6/n-3 ratio was the lowest in milk fat from Lin ewes (P < 0.001). Finally, as
209
an indirect measurement of desaturase activity, the 18:1 desaturase index was higher (P < 210 0.001) in Control than in the Lin group.
212
Lamb performance is shown in registered the greatest concentrations of C16:0 (P < 0.05). Concerning cis-9 C18:1, a 218 significant decrease (P < 0.01) and a trend to diminish (P < 0.10) were observed in 219 intramuscular and subcutaneous fats respectively, in carcasses from Lin suckling lambs. Lin 220 lambs had the greatest levels of VA, RA, ALA, and DHA in both fat depots (P < 0.05).
221
However, Lin supplementation resulted in a lower n-6/n-3 ratio than in the control diet, (P < 222 0.001) this change being lower in intramuscular (2.42 vs. 5.44) than in subcutaneous (3.01 vs. Overall, intramuscular fat was richer in PUFAs than subcutaneous fat, made up of mainly 226 C20:4 n-6 and linoleic acid as well as other n-6 series FAs (Tables 5 and 6 ). It is remarkable 227 that linoleic acid and its n-6 PUFA metabolites in intramuscular fat were not statistically 228 different between control and Lin diets (Table 5) (Table 5 and 6).
234
Large significant correlations were observed between VA and RA in milk (r = 0.97, P < 235 0.001) and intramuscular fat (r = 0.97, P < 0.001) while its correlation was less prominent in 236 subcutaneous fat (r = 0.73, P < 0.01). Significant correlations were also detected in milk fat 237 between ALA vs. EPA (r = 0.78, P < 0.001), EPA vs. DPA (r = 0.76, P < 0.001) and DPA vs.
238
DHA (r = 0.81, P < 0.001). On the other hand, significant correlations were found between 239 linoleic, C20:3 n-6, C20:4 n-6 and C22:4 n-6 in intramuscular (r = 0.63, P < 0.01; r = 0.79, P
240
< 0.001 and r = 0.71, P < 0.01) and subcutaneous fat (r = 0.64, P < 0.01; r = 0.79, P < 0.001 241 and r = 0.65, P < 0.01). were iso-energetic and iso-nitrogenous, and the amount of feed offered to the animals was the 264 same, no changes in milk yield and milk composition should be expected. 
Milk fatty acid composition
266
The inclusion of extruded linseed in the diet produced significant increases in most of the 267 C18 FA contents, at the expense of a decrease in C16:0 concentration (Table 3 ). This decrease 268 had to be attributed to the low amount of palmitic acid in extruded linseed compared to its 269 high content in calcium soap of palm oil (Table 1) which is first isomerized to CLnA and then sequentially reduced to VA.
282
RA concentration in milk fat increased 2.4 fold with extruded linseed supplementation.
283
The extent of this increase, using extruded linseed, was lower than that observed in ewes by 
299
The increased EPA, DPA and DHA levels observed in Lin treated milk can be attributed to 300 ALA molecules that avoided rumen biohydrogenation and are transferred to the mammary 301 gland. ALA can be metabolized by desaturation and elongation enzymes to form a series of 302 highly unsaturated n-3 long-chain metabolites, the major products of this pathway being EPA,
303
DPA and DHA (Simopoulos, 2008; Kaur et al., 2011 2011) and is based on a higher phospholipid proportion of these depots (Juárez et al., 2010) .
330
The difference in palmitic acid content between suckling lamb carcasses from the Control
331
and Lin groups is explained by the different levels of this FA in milk consumed by lambs.
332
Furthermore, it has also been estimated that during the suckling lambs' first weeks of life,
333
FAs absorbed from the intestine contribute to the majority of the total deposited FAs while de 334 novo synthesized FAs will supply less than 20% (Osorio et al., 2007) . The higher levels of 335 oleic acid in intramuscular fat and the trend to increase in subcutaneous adipose tissue 336 observed in control diet could be attributed to milk intake as the 18:1 desaturase indexes in 337 intramuscular and subcutaneous fats were not significantly modified (tables 5 and 6).
338
The fact that RA is less abundant in subcutaneous depot can be explained by the greater
339
CLA desaturase activity in intramuscular tissue in Control and Lin samples (Tables 5 and 6 ).
340
Besides, the higher correlation coefficient between RA and VA in intramuscular than in 341 subcutaneous fat would also support greater RA endogenous synthesis in intramuscular tissue.
342
These results coincide with those of Palmquist et at. (2004) 
368
The fact that linoleic acid and its n-6 long chain metabolites were found to be similar in All this information has to be interpreted in the light of the competition between n-6 and n-3
374
PUFAs for both, incorporation into the intramuscular fat and enzymatic conversion:
375 elongation and desaturation. Although potentially, these enzymes have a preference for the n- would also be applicable for ALA and the longer n-3 FA.
381
In any case, in accordance with the higher levels of n-3 PUFA in lamb meat from ewes fed 382 extruded linseed, the n-6/n-3 ratio was significantly lower in this group in intramuscular and animals from the linseed-fed diet group contained significantly higher levels of RA, VA,
392
ALA, EPA, DPA and DHA and a lower n-6/n-3 ratio, mainly in intramuscular depots. 
462
Characterization by GC-MS and CACI-MS/MS of cis-9 trans-11 trans-15 C18:3 in milk fat.
463
Journal of Lipid Research, 50, 2412-2420. 
589
CLA desaturase índex = cis-9, trans-11 C18:2/ (cis-9, trans-11 C18:2 + trans-11 C18:1) 590 SED: standard error of the difference; AA: arachidonic acid; EPA: eicosapentaenoic acid; 591 DPA: docosapentaenoic acid; DHA: docosahexaenoic acid 592 † P < 0.10, * P < 0.05, **P < 0.01, ***P < 0.001
